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w54 A4 PUITIR R Li, S0, + Na,S0, +K,S0, +H,0 298.2 K A5 -5 43
F1 PUITIRZE Li, SO, +Na,S0, +K,S0, + H,0 298.2 K [& A8 AF 4 1%,
Table 1  Phase equilibria data of quaternary system Li, SO, + Na,S0, +K,S0, + H,0 at 298.2 K
- . , T 8% (g/100g )
i (irj/n IR (B 10 J(Li,S0,) +J(Na,S0,) +J(K,80,) =100 S [ A
w(Li,S0,) w( Na,S0,) w(K,S0,) w(H,0) J(Li,S0,) J(Na,S0,) J(K,S0,) J(H,0)

1,A 1.1809 10.55 0.00 10.40  79.05  50.35 0.00 49.65 377.31 LiKS + Ar

2 1.1857 9.61 1.62 11.49  77.28  42.30 7.14 50.56  340.19 LiKS + Ar

3 1.1986 10.10 2.70 11.69 75.51 41.26  11.01  47.73 308.39 LiKS + Ar
4,8, 1.2176 9.42 4.98 10.13  75.47  38.39  20.32  41.29 307.70  LiKS +Ar+Gla
5,B 1.1474  0.00 5.62 11.10  83.28  0.00 33.63  66.37 497.88 Gla + Ar

6 1.1562 0.84 5.59 11.02  82.55 4.8l 32.03  63.16 473.07 Gla + Ar

7 1.1648 1.75 5.55 10.88  81.82  9.63 30.53  59.84  450.06 Gla + Ar

8 1.1793  3.30 5.63 10.33  80.74 17.15  29.24  53.61 419.06 Gla + Ar

9 1.1816 4.28 5.48 10.32 79.92  21.33  27.29  51.38 397.78 Gla + Ar

10 1.2053 5.21 5.54 10.27  78.98 24.77  26.38  48.85 375.82 Gla + Ar

11 1.2079  6.39 5.23 10.18  78.20 29.30  23.98  46.72 358.74 Gla + Ar

12 1.2273  7.98 5.18 11.07  75.77 32.94  21.38  45.68 312.70 Gla + Ar
13,C 1.2764  0.00 22.96 6.28 70.76  0.00 78.52  21.48 241.97 Mir + Gla

14 1.2719  1.68 26. 60 6.84  64.88  4.79 75.75  19.46 184.75 Mir + Gla

15 1.2833  3.03 25.58 6.86  64.53  8.54 72.12 19.34  182.00 Mir + Gla

16 1.2942  4.41 26. 04 6.47  63.08 11.93  70.54  17.53 170.91 Mir + Gla

17 1.3211  4.73 22.37 5.99  66.91 14.31  67.58  18.11 202.14 Mir + Gla
18,8, 1.3231  6.01 22.69 5.28  66.02 17.69  66.76  15.55 194.27 Mir + Gla + LiNaS
19,D 1.2777 7.64 20. 14 0.00 72.22  27.5I 72.49 0.00 259.85 Mir + LiNa$S

20 1.3065 7.58 21.98 1.98  68.46 24.03  69.69 6.28  217.06 Mir + LiNa$S

21 1.3106  7.11 22.54 3.71  66.64  21.31 67.57  11.12  199.76 Mir + LiNa$

22 1.3106  8.07 26.35 6.08  59.50 19.93  65.07  15.00 146.92 Gla + LiNa$
23,8, 1.3236  8.65 20.50 542 65.43  25.03  59.29  15.68 189.28 Gla + LiNaS + LiNaK$S

24 1.3169 8.63 17.18 5.51  68.68 27.55  54.86  17.59 219.28  Gla + LiNaK$S

25 1.2869 9.33 15.18 6.08  69.41 30.50  49.62  19.88 226.90  Gla + LiNaKS

26 1.2990 10.02 14.92 6.65 68.41 31.72  47.23  21.05 216.56  Gla + LiNaKS
27,8, 1.2620 10.92 13.33 6.82  68.93 35.16  42.90  21.94 221.88 Gla+ LiNaKS + LiKS
28,8 1.2953 21.76 11.84 0.53 65.87 63.76  34.70 1.54  193.05 LiS + LiNaS + LiNaK$

29 1.3010 18.74 12.61 1.81  66.84  56.51 38.03 5.46  201.57  LiNaS + LiNaK$S

30 1.3052 17.58 13.76 2.07  66.59 52.61  41.19 6.20 199.31  LiNa$S + LiNaKS

31 1.3097 16.32 14.83 2.59  66.26  48.37  43.95 7.68 196.38  LiNaS + LiNaK$S

32 13111 14.49 15.94 3.29 66.28 42.97  47.27 9.76  196.56  LiNa$S + LiNaKS

33 1.3129  12.84 17.9 3.48  65.78 37.52  52.31  10.17 192.23  LiNaS + LiNaKS

34 1.3168 11.18 19.04 4.35  65.43 32.34 5508  12.58 189.27  LiNaS + LiNaKS
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w( 14,50, ) w(Na,S0, ) w(K,S0,) w(H,0) J(1i,50,) J(Na,S0,) J(K,S0,) J(H,0)

35 1.3196 10.02 20.35 4.99 64.64 28.34 57.55 14.11 182.81 LiNaS + LiNaKS

36 1.2640 10.68 12.46 7.39 69.47 34.99 40. 80 24.21  227.50 Gla + LiKS

37 1.263 4 9.95 9.03 8.75 72.27 35.88 32.57 31.55 260.50 Gla + LiKS

38 1.2528 10.07 7.46 9.23 73.24 37.63 27.89 34.48 273.62 Gla + LiKS

39 1.2591 13.02 10.79 6.02 70.17 43.65 36.17 20.18 235.19 LiNaKS + LiKS

40 1.2583 16.37 8.69 3.81 71.13 56.69 30. 11 13.20 246.35 LiNaKS + LiKS

41 1.2638 21.88 6.77 1.22 70.13 73.27 22.66 4.07 234.92 LiS + LiNaKS
42 K 1.2424 24.72 0.00 2.16 73.12 91.95 0.00 8.05 271.97 LiS + LiKS

43 1.2521 25.54 1.12 2.56 70.78 87.40 3.84 8.76  242.25 LiS + LiKS
44.S, 1.2568 25.04 3.98 2.07 68.91 80. 54 12.80 6.66  221.68 LiS + LiNaKS + LiKS
45,F 1.3082 20.96 11.49 0.00 67.55 64.59 35.41 0.00 208.11 LiS + LiNaS
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Phase Equilibria of Aqueous Quaternary System Li,SO, + Na,SO, +
K,SO, + H,O at 298.2 K

ZHAO Zhi-xing' ,YAO Zhi-hao' ,HUANG Qin',YU Xu-dong'* ,HE Zhi-yi'*
(1. College of Materials and Chemistry & Chemical Engineering,
Chengdu University of Technology ,Chengdu, 610059, China ;
2. Sichuan Metallurgical Geological Survey and Design Group Co. ,Ltd ,Chengdu ,610051 ,China)

Abstract; To obtain the crystallization form of the salts in the system containing with lithium, sodium, potassi-
um, and sulfate at 298.2 K, the stable phase equilibrium for the quaternary system Li,SO, + Na,SO, +K,SO, +
H,O0 at 298. 2 K was studied by using isothermal dissolution equilibrium method. The solubilities and densities
of the aqueous quaternary system were determined ,the solid phases were identified by using X-ray diffraction
method. Meanwhile, the stable phase diagram at 298. 2 K and the comparison diagram of the system at
273.2 K,288.2 K,298.2 K,323.2 K,and 373.2 K were constructed. Results show that the stable phase dia-
gram of this quaternary system at 298.2 K belongs to complex type with double salts 21.i,S0, -Na, SO, - K,SO, ,
Li,SO, -3Na,S0O, -12H,0, LiKSO, , and Na,SO, -3K,SO, formed. The phase diagram of Li,SO, + Na,SO, +
K,SO, + H,0 system consists of six invariant points,twelve isothermal dissolution curves,and seven crystalliza-
tion regions. Among the crystallization regions,the crystallization region of double salt Na,SO, -3K,S0, is the
largest , which indicate that the salt is most easily crystallized from the system,while the crystallization region of
Li, SO, -H,0 is the smallest. Comparisons between the phase diagrams of Li,SO, + Na,SO, + K,SO, + H,0
system at (273.2 K,288.2 K,298.2 K,323.2 K, and 373.2 K), the double salts Na,SO, -3K,SO, and
2Li,50, -Na,S0, - K,SO, were not formed at 273.2 K, the crystallization form of Na,SO,+-10H,0 and Li,SO, *
3Na, S0, +12H,0 change to Na,SO, and Li,SO, *Na,SO, ; when the temperatrure at 288.2 K ~373.2 K, with
the rise of temperature ,the crystallization region of K,SO, and Na,SO,+10H,0 decrease,while the crystalliza-
tion regions of Li,SO, - H,0, Na,SO,, LiKSO, and Li,SO, + Na,SO, enlarge. The crystallization region of
Na, S0, -3K,S0, increased at first and then decreased,and reached the maximum at 298.2 K, while the crys-
tallization region of 211,50, -Na, SO, + K,SO, decreased at first and then increased ,and reached the minimum
at 298.2 K.

Key words : Phase equilibria ; Salt-water system ; Double salt ; Sulfate ; Lithium



